First, these Pacific-derived waters have flowed across hundreds of kilometers of shallow (50 m) continental shelf before they reach the Chukchi shelf break. The potential exists for oxygen exchange across the air-sea boundary on the shallow shelf, and this air-sea exchange may vary because of seasonal sea ice cover and wind forcing. In instances where surface waters are supersaturated with dissolved oxygen, NO/PO ratios should decline as oxygen is lost to the atmosphere because a decline in the oxygen concentration will have a proportionally larger effect on the NO parameter. Although this is the appropriate direction to explain the apparent decrease in NO/PO ratios observed from North Pacific values (0.87-0.91) to lower values observed in Ameriasian Arctic surface waters (~0.7), the magnitude of the observed change is too large to be explained solely on the basis of a decrease in those waters that are supersaturated with oxygen to levels of near saturation. For example, Wilson and Wallace [1990] point out that for typical Arctic shelf nutrient concentrations, a 100 gM decrease in dissolved oxygen, such as might happen as a result of gas exchange at the sea surface, results in a change of only 0.03 in the corresponding NO/PO ratio. This leads us to consider two biologically mediated factors that would affect the rates of use and the rates of recycling of nitrate and phosphate in the highly productive waters of the Bering and Chukchi shelf.
The availability of recycled nitrate is, in part, affected by rates of sediment-based denitrification. Where this process is significant, nitrate loss will decrease the NO parameter but Figures 1 and 2) . For 18 individual water samples collected during this study in the Bering Sea that had NO/PO ratios in excess of 0.90, mean concentrations of phosphate and dissolved oxygen (Table 2) were below levels expected for waters advected onto the Bering shelf, as discussed above. However, nitrate was, in places and on a mean basis, relatively higher than expectations (16.7 versus 15 I.tM), and ammonium was present, particularly in bottom water samples, where it made up a significant fraction of total inorganic nitrogen ( Table 2) The 11 members, using 180 and salinity regressions (Table 3) .
Stations sampled in >90% ice cover (Figure 1 ) tended to have lower proportions of melted sea ice relative to river runoff in surface waters (Table 3) . These distributions of 180 and salinity indicate that summer sea ice melt in the surface waters of the Chukchi and Beaufort Seas may help restrict vertical mixing and dilution of the Bering Sea contribution to the Arctic Ocean upper halocline, facilitating its wide lateral dispersion. For example, we observed the highest silica concentrations at stations with apparently high proportions of sea ice melt (e.g., stations 43 and 44-47; see Table 3 ).
Silica maxima were shallower at such stations, and NO/PO ratios also tended to be lower (Table 3 ). This observation indicates that the melting of sea ice may also play some role in modifying the NO/PO ratio, either by decreasing NO or increasing PO. Evaluation of NO and PO separately relative to silica in the four stations (43 and 44-47, Table 2 less important, the nutrient maximum showed wider dispersion in the water column with generally lower maximum values, and the depths of the silica maxima were also typically lower (Table 3) . During this study, we found that near-classical Redfield nitrate/phosphate ratios of-15 were predominantly found either in the Bering Sea early in the season and/or to the southwest of St. Lawrence Island, where nutrient-rich waters are first brought up onto the northern Bering Shelf (Figure 4) . This implies some degree of dependence of nitrate/phosphate ratios upon biological activity in the Bering Sea, indicating that as biological activity draws down silica concentrations in the water column during the northward transit toward Bering Strait, nitrate simultaneously is also being removed but at a proportionally faster rate than phosphate. In many instances, particularly north of Bering Strait, we observed nitrate/phosphate ratios lower than the classical Redfield expectations of-15 (Figures 4 and 5) . In addition to denitrification and the possibility of different rates of recycling of inorganic nitrogen and phosphate, it is also possible that specific phytoplankton communities might be removing nitrate and phosphate at ratios independent of Redfield expectations, but we have no independent evidence that such a process is operative on the Bering and Chukchi shelves. The decline in nitrate/phosphate ratios is also significantly correlated with a decline in NO/PO and silica (Figures 4 and 5 
Conclusions
We hypothesize that the apparent difference in NO/PO ratios between the Bering and Chukchi Seas, and possibly also on a seasonal basis between May-June and August in the Bering Sea, is related to a greater proportional loss of inorganic nitrate relative to phosphate from northward flowing Bering Sea waters before incorporation into the Arctic Ocean nutrient maximum. At least during the summer period when we sampled, a larger proportion of metabolized nitrate (relative to phosphate) was not effectively recycled from the sediments or within the water column, leading to a decline in both nitrate/phosphate ratios and the NO/PO parameter. The apparent decreases we observe in NO/PO ratios are also consistent with denitrification during shelf transport. In addition, we found that the proportions of sea ice melt that are contributed to the Polar Mixed Layer of the Arctic Ocean appear to play a role in influencing NO/PO ratios during the summer (Table 3) 
